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Magnetic Recording and Reproducing 


By C. N. HICKMAN 
Acoustical Research Department 


BOUT thirty years ago a Dan- 
ish professor named Poulsen 
invented a system of recording 

speech on a steel wire. The wire was 
drawn rapidly past the iron cores of a 
set of coils, and speech current in the 
coils caused a magnetic pattern to be 
left in the wire. When the wire thus 
treated magnetically was drawn past 
a set of reproducing poles, a current 
was induced in the surrounding coils, 
which was similar to that used for re- 
cording. The system offered a number 
of desirable characteristics. The rec- 
ord could be kept indefinitely and yet 
could readily be wiped out by a strong 
steady field if it were wanted only 


temporarily. In addition no processing 
was required, and no precautions had 
to be taken to avoid external vibra- 
tion in the recording mechanism. In 
spite of these advantages, however, 
and the many attempts to com- 
mercialize it, no practical results were 
obtained until recent years. 

There were several reasons for this 
failure, which only recent develop- 
ments have been able to overcome. In 
general, it arose from the use of 
round wire, from the establishment in 
the wire of magnetic elements that 
had large components along their 
length, and from the lack of satis- 
factory magnet materials. Another 
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shortcoming was the lack of suitable 
amplifiers, which at the present time 
are easily procured. The develop- 
ments which have changed this situ- 
ation were carried on largely in these 
Laboratories and consist chiefly of 
improved magnetic material, the use 
of a very thin and narrow tape instead 
of a round wire, and the use of perpen- 
dicular magnetization—that is, the 
magnetic elements in the tape have 
no appreciable component along the 
length of the tape. 

At the time of Poulsen, although he 
had suggested its use, steel tape of 
suitable magnetic characteristics was 
not available so that a wire had to be 
used. A wire, however, is bound to 
twist around its axis, and if its mag- 
netic elements were transverse, a 
twist of ninety degrees would result 
in no currents being induced in the 
reproducing coils. To avoid this, it 
was necessary to produce in the wire 
magnetic elements that were chiefly 
parallel to the axis, so that their 
effective strength was not seriously 
changed by axial twisting of the wire. 
The highest frequency that can be re- 
produced is a function of the axial 
length of the magnetic elements in the 
wire and the speed with which the 
wire is moved. With comparatively 
long magnetic elements, which is 
necessary where their length is mainly 
along the axis of the wire, high speeds 
are necessary, and these high speeds 
produce excessive wear on the pole- 
pieces and have other disadvantages. 

Besides possessing these objection- 
able features the longitudinal method 
of magnetization produces a certain 
distortion in the signals that is in- 
herent. To produce magnetic elements 
in the wire or tape that have large 
axial components, it is necessary to 
offset the poles with respect to each 
other, and this results in a leakage 
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flux that causes the distortion. This 
may be seen in Figure 1, which is a 
schematic cross-section at the record- 
ing magnets, drawn somewhat out of 
scale to illustrate better the factors 
that are involved. 

Before reaching the recording mag- 
nets, the wire or tape has been 
strongly magnetized in a direction 
opposite to the magnetization to be 
given by the recording magnets. Be- 
cause the two poles on opposite sides 
of the wire are offset with respect to 
each other, the flux from each pole 
does not all follow a straight line from 
pole to pole, but rather is distributed 
as indicated by the flux lines num- 
bered from 1 to 7 in the diagram. The 
flux represented by line 1, since it is 
approximately parallel to and in the 
same direction as the magnetization 
already in the medium, produces little 
or no effect. The flux represented by 
line 2, however, is approximately at 
right angles to this flux and thus dis- 
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Fig. 1—Cross-section of iron-wire recording 
method at the recording magnets 


torts it. Flux represented by lines 3, 4, 
and 5 runs diagonally across the wire 
from pole to pole, and would produce 
correct flux modulation in the wire if 
it were not for the distorting flux rep- 
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resented by line 2, already mentioned, 
and that represented by lines 6 and 7. 
The flux represented by line 6, in- 
stead of running across the wire as 
does that represented by lines from 3 
to 5, is essentially at right angles to the 
established signal flux and thus pro- 
duces a distortion in the flux pattern. 
Flux represented by line 7, although 
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tape, and thus permits lower speeds, 
but avoids the distortion inherent 
with staggered pole-pieces. As indi- 
cated in Figure 2, the flux is essen- 
tially at right angles to the axis of the 
tape throughout, so that no appreci- 
able distortion occurs. 
To reduce possible distortion due to 
the non-linearity of the magnetization 
characteristics of the 
steel tape, the section 
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~ WINDING curve over which mod- 


ulation occurs should 
be as nearly straight as 
possible. In the system 
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2—Cross-section of the perpendicular-magnetization 
method, showing polarizing and recording magnets 


essentially parallel to the main modu- 
lating flux, is opposite to it in direc- 
tion, and thus distorts by tending to 
destroy the recorded signal. Instead 
of the true flux pattern, as would have 
been recorded by fluxes from 3 to 5 
alone, therefore, the final magnetic 
pattern is distorted because of fluxes 
2, 6, and 7, and with the staggered 
pole-pieces no way has been found of 
avoiding distortion of this type. 

One great improvement brought 
about by the developments of these 
Laboratories consists in providing a 
better magnetic material, in rolling it 
into a thin tape, and in properly heat- 
treating it. With a tape, the twisting 
tendency is avoided so that perpendic- 
ular magnetization can be employed, 
with the two poles placed directly op- 
posite each other. This not only gives 
a shorter magnetic wave-length in the 
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oratories this is secured 
by properly propor- 
tioning the winding on 
the polarizing poles 
and the biasing and 
signal windings on the 
recording poles. The 
action of these wind- 
ings may be followed 
from Figure 3 in conjunction with 
Figure 2. The magnetizing force of the 
polarizing poles is great enough to 
magnetize the tape to the saturation 
point in the positive direction — 
point Pp of Figure 3—while the tape is 
directly between the pole-pieces. As 
the tape passes out from between the 
pole-pieces, the magnetization de- 
creases along curve B until, when it is 
completely away from the influence 
of the poles, it reaches point R—cor- 
responding to zero magnetizing force. 

The biasing windings on the record- 
ing magnets provide a magnetizing 
force opposite to that of the polarizing 
magnets, and, if there is no signal cur- 
rent in the recording windings it will 
carry the magnetization of the tape, 
when directly between the pole-pieces, 
to point n of Figure 3. As the tape 
moves out from the influence of these 
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oles, the magnetization of the tape 
will follow curve I to zero, and the 
tape will be in the unmagnetized con- 
dition. With current in the recording 
winding, the flux in the recording 
magnets will be carried from R to 
some point above N on one-half of 
each cycle and to some point an equal 
amount below n on the other half 
cycle. Depending on the volume of the 
signal, the flux will range between 
points A and c while the tape is im- 
mediately between the pole-pieces. As 
the tape moves out from the pole- 
pieces the corresponding magnetiza- 
tion points will be a’ and c’. In this 
way, the magnetization is made to 
vary over the largest possible straight 
section of the magnetization curve, 
and distortion is minimized. 

The voltage induced in the repro- 
ducing winding is proportional to the 
rate of change of flux in its core, and 
this, in turn, is approximately propor- 
tional to the rate of change of mag- 
netization in the tape. With a con- 
stant speed of the tape, this rate of 
change in magnetization is propor- 
tional to the frequency of the re- 
corded signal. As a result the response 
for the same voltage of input signal 
increases directly with frequency. As 
a frequency is reached where the 
width of the pole faces approaches a 
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full wavelength of the recorded sound, 
however, the response falls off rapidly. 
The frequency at which this falling off 
occurs will, of course, be directly pro- 
portioned to the speed of the tape. 
The actual response curve will thus 
consist of two parts: a rising charac- 
teristic at the lower frequencies and 
then a rapid falling off. Two response 
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Fig. 3—Magnetization curve of steel tape 
showing section used in recording 


curves—one for a speed of eight and 
the other of sixteen inches per second— 
are shown by the upper curves on 
Figure 4. The reproducing circuit, 
however, may be equipped with an 
equalizer to make the response essen- 
tially constant for all frequencies, and 
such an equalized re- 
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makes the record available immedi- 
ately after the recording, and this 
advantage, coupled with the possi- 
bility of providing very long records in 
very small compass, and the fact that 
no appreciable deterioration occurs 
with repeated playing, should make it 
useful for a wide variety of applica- 
tions. The photograph shown in the 
headpiece of this article illustrates an 
experimental use of the apparatus to 
give up-to-the-minute announcements 


of potato prices and car movements, 
loadings and holdings over the local 
telephone system at Hightstown, New 
Jersey. The men shown in this photo- 
graph are, from left to right, C. C. 
Towne of the Laboratories, C. L. 
Schoch, equipment investigation en- 
gineer of the New Jersey Bell Tele- 
phone Company, W. W. Oley, chief 
of the Bureau of Markets of the New 
Jersey State Department of Agricul- 
ture and W. B. Duryee, Secretary. 


Fig. s—Section of distributing panel at the Hightstown central office 
showing the branching networks which permit as many as ten in- 
coming calls to be connected simultaneously to the announcing circutt 
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Eddy Current Shielding in Laminated Cores 


By L. R. WRATHALL 


Wire Transmission Research 


DDY currents cause energy 
losses in wires, transformer 
cores and other electrical con- 
ductors and are often a serious ob- 
stacle to increasing the range of use- 
fulness of electrical equipment. On the 
other hand they can also be used to 
shield apparatus or cables against out- 
side electromagnetic interference. 
When an electric conductor is 
placed in an alternating magnetic 
field, the distribution of the magnetic 
field within the conductor will not be 
uniform, but will vary both in magni- 
tude and phase from one part of the 
conductor to another. This phenom- 
enon, which is called eddy current 
shielding, is due to eddy currents that 
are induced in the conductor by the 
alternating magnetic flux. 
The effects of eddy currents depend 
on many factors such as the electric 
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and magnetic properties of the con- 
ductor and its shape and size; also, on 
the direction, frequency and distribu- 
tion of the magnetic field. In many 
cases the effects of eddy current 
shielding may be readilygcalculated. 
This is true of thespecial case, shown 
in Figure 1, where a plane laminated 
conductor, ‘whom width (a) is large 
compared to its thickness (b), is used 
as the core of a long coil.* When an 
alternating current flows through the 
windings of the coil an alternating 
magnetic field of the same frequency 
will be produced within the coil wind- 
ings. This field will be directed paral- 
lel to the Z axis of Figure 1 and conse- 
quently will also be parallel to the sur- 
face of the lamination. 


*In the case of a lamination that is made in the 
form of a ring its width must be small compared 
to the radius of the ring. 
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If there were no eddy currents in 
the core of the coil this field would 
distribute itself uniformly over the 
area within the windings but actually 
the alternating field will induce eddy 
currents in the lamination. These cur- 
rents flow in the xy plane and tend to 
follow paths parallel to the surface of 
the conductor. Figure 1 shows the di- 
rection of the eddy currents in a small 
cross-section of the lamination. They 
tend to go in the opposite direction 
to the current in the coil windings 


and the magnetic field produced by 


check this theory very well but others 
have found deviations. These devia- 
tions are relatively small generally 
but in some cases, especially in chro- 
mium permalloy cores, variations of 
the order of tenfold have been ob- 
served. Investigations show that these 
discrepancies are caused by a thin 
surface layer on the lamination, the 
permeability of which is much lower 
than that of the inner material. 

The transmission line analogy isillus- 
trated in Figure 2 where I, the current 
at any point in the line, is analogous 
to the magnetic field H 
at the corresponding 


point in the lamina- 


tion; I,, the current 


entering the line, simu- 


lates the magnetizing 
force at the surface of 
the lamination; and I,, 
the current leaving the 
line, is analogous to the 


magnetizing force at 
the center of the lami- 
nation. It will be ob- 


served that a differen- 


Fig. 1—Cross-section of a thin lamination showing eddy cur- tial section of this in- 
rents generated by an electric current in the windings finite line has only one 


them within the area about which 
they flow will tend to oppose the field 
H, produced by the current in the 
windings. The resultant field is small- 
est at the center of the lamination and 
equal to H, at the surface. 

The distribution of this field from 
the surface to the center of the lami- 
nation has been shown to be analo- 
gous to the distribution of current 
along a certain type of transmission 
line. This comparison has proved to 
be very effective in making eddy cur- 
rent shielding more readily under- 
standable. Many investigators have 
reported that measured values ob- 
tained with ferromagnetic materials 
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series element, an in- 
ductance /, and one shunt element, a 
resistance r. The inductance / is pro- 
portional to the permeability and the 
resistance r to the specific resistance 
of the core material. The total length 
of the line is equal to half the thick- 
ness of the lamination while the 
impressed voltage E, is the volt- 
age across the width, a, of the 
lamination. 

This analogy may be used in many 
types of problems which deal with 
eddy current shielding but will be 
applied here to the effects on the 
inductance and resistance of a coil 
with a core composed of thin 
laminated conductors of constant 
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permeability.* In this case the anal- 

us line not only gives the dis- 
tribution of the magnetic field within 
the lamination but it can be shown 
that at a given frequency the im- 
pedance of the coil will be proportional 
to the impedance of the line both in 
phase and amplitude, if the copper 
and hysteresis losses are neglected. 
This affords an easy means of deter- 
mining the changes of the coil im- 
pedance caused by eddy currents. 

Attenuation in this analogous line 
corresponds to the condition where 
eddy currents are flowing in the lami- 
nation. To reduce the attenuation in 
the line several things may be done. 
The value of r, the differential shunt 
element, can be increased; the series 
element / may be decreased; or the 
length of the line may be shortened. 


In terms of the lamination these | 


things mean an increase of the resis- 
tivity, a reduction of the permeability 
of the material, and the use of thinner 
laminations, respectively. 

If there is no attenuation along the 
line the impedance looking into it will 
be the sum of all the series elements 
which will be an inductance, desig- 
nated by L,. The impedance then will 
be wL, where w is the product of 27 
and the frequency. However, if there 
is attenuation along the line some cur- 

*If the coil core is composed of a ferromagnetic 


material, Ho must be kept small to have a perme- 
ability that may be considered constant. 
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rent will flow through the shunt re- 
sistances, r, which means that energy 
is being dissipated within the line. 
Then a resistive component R must 
be added to the impedance. 
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ATTENUATION IN DECIBELS (@) 


Fig. 3—The experimental and calculated 

values of L/L, are in accord when a thin 

surface of low permeability has been etched 
from the lamination: 


A comparison of results calculated 
by transmission line theory with those 
obtained experimentally is shown in 
Figure 3 by plotting the ratio L/L, 
for the coil and analogous line against 
the attenuation, 6. Here L is the in- 
ductance of the coil or line when there 
are eddy currents in the laminations; 
and L, is the inductance when eddy 
currents are absent. The full line gives 
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Fig. 2—Transmission line in which the current distribution is analogous to that of the 
magnetic field across the lamination shown in Figure 1 
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the measured values of L/L, for the 
coil, as first obtained, and the dashed 
ones those computed from transmis- 
sion line theory. The discrepancy be- 
tween the curves disappears when the 
thin surface layer of low permeability 
has been etched away from the lami- 
nations. The circles show the results 
after two mils have been removed and 
the crosses when an additional half 
mil has been taken off. 

This non-homogeneous lamination 
may be represented by the analogous 
line as shown in Figure 4. Here the 
surface layer of thickness ¢ is repre- 
sented by the section of line of the 
same length. Suppose the ratio of the 
permeability of the inner material to 
the surface layer is n, but that the re- 
sistivity is constant throughout the 
lamination. If the differential series 
inductance which represents the inner 
material is / then the corresponding 
inductance for the surface layer will 
be //n. At very low frequencies where 
there is no attenuation along the line 
the impedance of the composite line 
will be the sum of the inductive ele- 
ments. The only effect of the surface 
layer is to decrease the average in- 
ductance per unit length along the line 
which in the lamination means that 
the average permeability of the lami- 
nation will be decreased. However, at 
frequencies where appreciable atten- 
uation begins to appear in the inner 
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JUNCTION OF 
TWO LAYERS 


line, sizable reflections take place at 
the junction with a corresponding 
change of phase and input voltage for 
a constant input current. Here the 
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ATTENUATION IN DECIBELS (@) 
Fig. s—Theory and measurements agree 
when the analogous line is made to simulate 
a non-uniform lamination 


impedance of the line may drop rap- 
idly to a very low value and the phase 
angle may greatly exceed that found 
in the homogeneous lamination. If 
the frequency becomes high enough 
so that a large amount of attenuation 
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Fig. 4—Transmission line in which the current distribution is analogous to that of the 
magnetic field across a lamination with a low permeability surface layer 
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is found in the outer line or surface 
layer, the impedance of the line will be 
the same as if it were composed en- 
tirely of the line representing the low 
permeability material. The induct- 
ance of the coil will decrease for this 
condition until it reaches the value 
that it would have if the lamination 
were composed entirely of the low 
permeability material found in the 
surface layer. This treatment of the 
subject neglects the possibility of a 
gradual transition between surface 
and body materials. 
By the use of existing transmission 
theory the theoretical effects of a low 


permeability layer were obtained and 
by plausible assumptions as to the 
thickness and permeability of the sur- 
face layer in a chromium permalloy 
coil that showed large deviations from 
the simple theory, an attempt was 
made to check the observed values of 
L/L,. The results were very gratifying 
as indicated on Figure 5, which shows 
how well the calculated and measured 
values check. This not only confirms 
the correctness of the assumption of a 
low permeability surface layer but it 
justifies the use of existing trans- 
mission line theory to extend our 
knowledge of eddy current shielding. 


Fig. 6—Coil and laminations used in eddy current studies 
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Lead-Calcium for Storage Batteries 
By U. B. THOMAS, JR. 


Chemical Laboratories 


CHEMICAL research on stor- 

age batteries, which started 

in the Laboratories some years 
ago, has many of the elements of a 
detective story. The culprit in the case 
was a mysterious gas masquerading as 
sulfur dioxide. For a long time the 
criminal evaded arrest, but finally 
was caught in a liquid-air trap. After 
an extended and grueling application 
of scientific third-degree methods, the 
gas finally broke down and admitted 
its identity as stibine. That admission 
was a clue that led to the development 
of a new alloy for the grids of storage 
batteries—an alloy with properties 
which promise to be far superior to the 
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lead-antimony that has been used for 
many years in the batteries which 
constitute the reserve power of the 
telephone office power plant. 

Some seven years ago a study was 
carried out of the gases present in the 
air in various central offices. The test 
for sulfur dioxide, one of the most 
common impurities in industrial at- 
mospheres, consists in bubbling air 
through a dilute solution containing a 
definite amount of iodine and starch. 
This solution, which is originally dark 
blue in color, gradually becomes 
lighter and finally completely colorless 
when an amount of sulfur dioxide 
equivalent to the iodine originally 

present has been absorbed. 


\ 
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The concentration of the gas 
can then be calculated from 
the total volume of air passed. 


The apparent sulfur dioxide 
concentration determined in 
this way was found to be dis- 


tinctly greater in and near 
battery rooms during the per- 


t 
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iod of overcharge. As sulfur 
dioxide is a known cause of 
tarnish, an investigation of the 


STIBINE CONCENTRATION IN PARTS PER MILLION 


causes of its formation seemed 
to be desirable. 
The gases given off by a 


CHARGE 
TIME IN HOURS 


Fig. 1—Curves showing the formation of stibine in a 

storage battery during the charge and overcharge 

periods. The solid curve is for cells that have been over- 

charged immediately following the charge, and the 

dotted curve 1s for an overcharge that was made after 
a four-day standing period after the charge 
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commercial storage battery on 
overcharge were found to de- 
colorize iodine very readily, 
but specific tests showed the 
complete absence of sulfur 
dioxide. Hence some other gas 
capable of reaction with iodine 
was present. When the bat- 
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tery gases were run through a trap at 
liquid-air temperature, it was found 
that they no longer had any effect on 
iodine. Frozen out in the trap were 
water and the mysterious substance. 


When the temperature of this sub- 


stance was raised, the 
9000 


Stibine is produced by the action of 
nascent, or freshly formed, hydrogen 
on metallic antimony. In the storage 
battery, hydrogen is formed on over- 
charge at the negative plate; metallic 
antimony is present in the negative 


gas was liberated. One 


of the various tests to — 


which it was subjected 


showed it to be inflam- 7000 


mable. The possibility 


6000 


that it might have been 


some organic vapor 


formed by the decom- 
4000 


5000 


position of the wood 
separators was elimi- 


3000 


nated when the com- 
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bustion products were 
found to contain no 
carbon dioxide. The 
approximate vaporiza- 
tion temperature was determined, and 
from this the list of possibilities was 
further limited. Among those remain- 
ing was antimony hydride, or stibine. 
Specific chemical and spectroscopic 
tests showed this gas to be present, 
and thus the mystery was solved. The 
appearance of stibine, however, was of 
considerable significance as an indica- 
tion of battery behavior. 

A quantitative study was accord- 
ingly made of the amounts of stibine 
given off by a commercial cell during 
the various portions of its charge and 
discharge cycle. These tests showed 
that the gas was evolved in appreciable 
quantities only during the overcharge 
period; in other words only when 
hydrogen was being given off freely at 
the negative plates. It was also noted 
that if the battery stood idle for sev- 
eral days, the amount of stibine 
formed during the subsequent over- 
charge was distinctly increased. Fig- 
ure I shows some of the results of 
the investigations that were made. 
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PER CENT CALCIUM 


Fig. 2—Effect of calcium on the tensile strength of lead 


grid and also in the negative active 
material as the result of the plating 
out of antimony dissolved from the 
positive grid by the charging process. 
This leaching out and redeposition of 
antimony not only weakens the posi- 
tive grid structure, but also, as subse- 
quent investigation proved, creates 
local galvanic couples on the negative 
electrode, thereby increasing its rate 
of self-discharge. 

During the normal operation of a 
storage battery, the negative active 
material, sponge lead, and the positive 
material, finely divided lead dioxide, 
are both converted into lead sulfate 
during discharge, the process being 
reversed on charging. When a battery 
stands on open circuit, there is also a 
loss of charge, usually about twenty- 
five per cent of total charge per month 
for a commercial battery with lead- 
antimony grids. This is caused by a 
slow corrosion of the lead by the sul- 
furic acid, resulting in the formation 
of lead sulfate and hydrogen. The lead 
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sulfate must be changed back to 
sponge lead by charging current be- 
fore the original state of charge is re- 
stored. With pure lead this reaction, 
commonly called sufation or self- 
discharge in the case of a storage bat- 
tery, takes place only very slowly. It 
is accelerated somewhat by the action 
of oxygen from the air or by the pres- 
ence of any other electropositive ma- 
terial on the lead, such as antimony, 
because antimony and lead immersed 
in sulfuric acid form a primary cell 
with antimony as the positive elec- 
trode. Since there is antimony in the 
negative plate, either as a constituent 
of the grid alloy or deposited on the 
lead sponge, there exist numerous 
short-circuited local elements which 
accelerate the formation of lead sul- 
fate, and thus hasten self-discharge. 

If the metal alloyed with lead to 
harden it sufficiently for use as a 
storage battery grid were electro- 
negative to lead, any reaction which 
took place would result in the dis- 
charge of hydrogen on the lead and 
the solution of the alloying constituent 
from the grid surface. This would 
leave a grid surface of pure lead, and 
self-discharge of the plate by local 
action would be impossible. It 1s 
necessary, however, that the structure 
of the alloy be such that the alloying 
metal can be dissolved only from the 
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ANTIMONY CONCENTRATION IN PER CENT 


Fig. 4—Sulfation is greater for larger 
amounts of antimony in the lead but is quite 
noticeable for very small quantities 


surface. Lead-calcium alloys contain- 
ing less than 0.1 per cent of calcium 
fit both of these conditions. Calcium is 
electronegative to lead and is present 
in the hardened alloy as a large num- 
ber of small particles of the compound 
Pb;Ca separated from each other in 
the lead. Once the surface particles are 
dissolved there is no way for the acid 
to reach the rest of the calcium which 
is completely embedded in lead. Age- 
hardening alloys of lead and calcium 
had been developed in the Bell Sys- 
tem for use in cable sheath in place of 
lead-antimony. Two parallel studies 
were therefore initiated to determine 
whether lead-calcium would behave as 
predicted in a storage cell, and whether 
this alloy could be made with such 
physical and metallurgical properties 
as are requisite for a battery grid. 

Various methods 


a have been used to 
2 wail measure the sulfation 
-? Pb-Sb 9% rates of battery elec- 
2 _——| trodes. Some of them 
> -06 

z f depend on the accurate 
weighing of the plates 
during their operation, 
2 10 asl and others on the mea- 
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Fig. 3—Curves showing relative sulfation times for lead, lead- 


antimony, and lead-calcium 
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surement of the amount 
of hydrogen evolved. 
Since the sensitivity of 
these methods depends 
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on the actual quantities involved in 

the reaction, best results are obtained 

with large electrodes immersed for 

long periods of time. For the purpose 

of comparing various alloys and elec- 

trolytes qualitatively however, a much 

simpler test was developed, which was 

shown to be well suited to the purpose. 
When a small lead rod is immersed 

in sulfuric acid, its potential at any 

time as measured against a reference 

electrode in the solution will remain 

at a definite value un- 

til practically all the 

lead has become cov- 

ered with sulfate when 

it will rise sharply. At 


this point the lead elec- 
trode has ceased to ex- come 


ist as such and sulfa- 
tion is complete. If 
antimony or other elec- 
tropositive material is 
present, the sulfation 
action is more rapid 
and the final potential 
is that of the contami- 
nating metal. The time 
required for this break 
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will be noted that even small amounts 
accelerate sulfation markedly. 

The superiority of pure lead and 
lead-calcium over lead-antimony as 
regards self-discharge is clearly indi- 
cated by these results. Cells using 
lead-calcium should have very low 
rates of self-discharge and the rates 
should not be subject to the increase 
in this rate that occurs in a lead- 
antimony cell as a result of the solu- 
tion and redeposition of antimony, 
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in potential, the sulfa- 
tion time, is then a 
measure of the ten- 
dency of the lead or 
the lead alloy to be- 
come self-discharged. 
For battery plates, 
which have a much 
greater area, the times will be very 
much longer, but will be in the same 
order as for the small rods. 

Using a reference electrode and a re- 
cording potentiometer, curves were 
obtained showing the change of po- 
tential with time for lead and various 
of its alloys. Figure 3 gives examples 
of these curves. The effect of the anti- 
mony concentration in the alloy on 
sulfation time is shown in Figure 4. It 
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Fig. s—Grid made from lead-calcium alloy 


mentioned above. Grids of both lead- 
calcium and lead-antimony have been 
made up into experimental batteries 
in the laboratory. After a hundred 
charge-discharge cycles, the lead- 
calcium cells showed a rate of self- 
discharge ofonly about one-fifth that of 
the lead-antimony cells. It follows 
that much less power will be required 
for the maintenance of telephone 
batteries constructed of lead-calcium. 
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When lead or one of its alloys is 
made cathode in sulfuric acid, as in 
the charging of a battery, hydrogen is 
evolved as soon as most of the sulfate 
has been reduced. Experiment shows 
that this takes place on lead-antimony 
at a potential of nearly 0.4 volts more 
positive than on either lead-calcium 
or pure lead. This means that during 
the latter portion of the charge of a 
battery made of lead-calcium, less 
current will be wasted in the evolution 
of hydrogen on the plate, and that a 
greater proportion of it will fulfill its 
proper purpose of changing lead sul- 
fate to sponge lead. In terms of bat- 
tery behavior for one particular type 
of cell on constant potential charge at 
2.6 volts, more than twice as much 
current would be required near the 
end of the charge by the lead-anti- 
mony as by the lead-calcium. This 
extra current is all used for the evo- 
lution of hydrogen. As the charging 
potential is raised, even greater dif- 
ferences in efficiencies will occur. 

The metallurgical work, which par- 
alleled the electrochemical studies, was 
equally important. Antimony was 
originally incerporated in the lead 
battery grid to give the material the 
necessary strength. Accordingly, al- 
loys of lead and calcium in varying 
proportions were made and heat 


treated. The tensile strength of speci- 
mens cast from these alloys was de- 
termined. Figure 2 shows that the 
maximum strength is obtained with 
about 0.1 per cent calcium. This 
maximum value of 8000 pounds per 
square inch is comparable to that of 
the commonly used nine per cent 
antimony alloy when similarly cast. 

Entirely satisfactory grid castings 
have been made experimentally from 
lead-calcium, some of them only 0.070 
inch thick. Figure 5 shows a grid fora 
standard starting and lighting bat- 
tery, such as was used for the experi- 
mental cells. Lead-calcium can be 
fabricated by drawing, extrusion, 
stamping, machining, welding, and 
burning. The electrical conductivity 
of lead-calcium (0.1 per cent calcium) 
is about twenty per cent higher than 
that of lead-antimony (nine per cent 
antimony), a factor of importance in 
securing a uniform current distribu- 
tion throughout the grid when large 
currents are drawn. 

The realization in a commercial 
way of the advantages which are indi- 
cated by the foregoing studies will re- 
quire a considerable manufacturing 
development and a long term service 
trial of the resulting batteries in order 
to uncover and correct difficulties 
which may be introduced in practice. 
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News of the Month 


Potato Crop INFORMATION BY 
Macnetic RECORDER 


On AucustT 2, an automatic announcing 
system, utilizing magnetic-tape recorders 
developed by the Laboratories, was 
opened on an experimental basis at 
Hightstown, New Jersey, in the field of- 
fice of the State Department of Agri- 
culture. The purpose of this system, as 
described by William B. Duryee, Secre- 
tary of the Department, is to give to the 
central New Jersey potato growers up-to- 
the-minute information regarding potato 
prices, and car movements, loadings and 
holdings. To receive the announcements 
one merely calls “Hightstown 7000.” This 
system is made available by the New Jer- 
sey Bell Telephone Company and the 
Laboratories codperating with the New 
Jersey State Department of Agriculture. 

The system employs two magnetic-tape 
recorders—one machine being in opera- 
tion and connected through to the central 
office and the other being held as a spare 
and for recording new announcements. 
These are continuous-tape machines car- 
rying two-minute announcements em- 
bodying the principles described in the 
article by C. N. Hickman on page 2 of 
the technical section of this issue. 

In recording announcements a 633A 
microphone is used. At the central office 
the circuit from the machine goes to a 
distributing panel which carries an ampli- 
fier and ten branch circuits. Each circuit 
includes a loss network which serves the 
double purpose of reducing the output of 
the amplifier to the proper level, and of 
preventing conversation or line noise on 
any one of the calling lines from interfer- 
ing with the clearness of the announce- 
ments on the other circuits. As at present 
arranged, ten simultaneous calls can be 
made to the announcer, but this number 
could be increased if occasion warranted. 
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The equipment used at Hightstown was 
designed and installed under the super- 
vision of W. A. MacNair, assisted by 
C. C. Towne and J. W. Gooderham. 


News Notes 


As ANNOUNCED by the Personnel De- 
partment on August 12, a plan for part- 
time postgraduate study is available 
again this year to members of the Labora- 
tories who have been regularly employed 
for approximately a year and hold de- 
grees in Arts, Science or Engineering. 
During the last school year four members 
of the Laboratories were awarded de- 
grees under this plan. These were V. J. 
Albano, who received the degree of M.S. 
from Brooklyn Polytechnic Institute, and 
O. E. DeLange, G. T. Ford and Q. E. 
Greenwood, who received the degree of 
A.M. from Columbia University. 

Out-of-Hour Courses are also being ar- 
ranged by the Personnel Department and 
will be described in a pamphlet to be dis- 
tributed early in October. Classes are 
scheduled to begin during the week of 
October 18. 

IN THE 1937 edition of Who’s Who in 
Engineering, biographies of 193 engineers 
of the Laboratories are published as com- 
pared to g1 in the 1931 edition. In the 
1936-1937 edition of Who’s Who in Amer- 
ica 19 men appear while 108 are in the 
1933 edition of American Men of Science. 
Biographies of 239 different engineers ap- 
pear in the three volumes. 

AT THE ANNUAL meeting of the Edward 
J. Hall Chapter, Telephone Pioneers of 
America, R. F. Newcomb was elected 
Treasurer and D. D. Haggerty a member 
of the Executive Committee. 

R. L. Jones and D. A. Quartes vis- 
ited the Point Breeze Works of the West- 
ern Electric Company on July 16 to review 
engineering matters of current interest. 
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P. C. Paquette 


P. H. Pierce attended a committee 
meeting of the Association of American 
Railroads which was held in Chicago. 

J. G. Norpaut visited the Naval Air- 
craft Factory in Philadelphia with repre- 
sentatives of the Western Electric Com- 
pany to discuss details of radio equipment 
manufactured by the Western Electric 
Company for the Navy. 

ENAMELED TINNED copper wire for 
radio transmitters was discussed by B. 
Leuvelink, A. R. Swoboda and Mr. 
Webber with Western Electric engineers 
at Kearny. Mr. Webber also took up mat- 
ters relating to telephone cords. 

* * * * * 

THE SUDDEN DEATHS of P. C. Paquette 
of the Outside Plant Development De- 
partment and W. H. Costelloe of the 
Local Central Office Facilities Depart- 
ment were a shock to their many friends 
in the Bell System. Both men were form- 
erly with the Department of Develop- 
ment and Research and became associ- 
ated with the Laboratories at the time of 
the merger in 1934. 

Mr. Paquette, who died on August 3, 
graduated from Stevens Institute of 
Technology in 1915 with the degree of 
Mechanical Engineer. He spent a year as 
a troubleman with the National District 


Telegraph Company and then joined the 
[ii] 


W. H. Costelloe 


student course of 
the American 
Telephone and 
Telegraph Com- 
pany. Upon the 
completion of this 
course he entered 
the outside plant 
group of the En- 
gineering Depart- 
ment, transferring 
to the Depart- 
ment of Develop- 
ment and Re- 
search on its or- 
ganizationin 1919. 
His work was on 
cable terminals— 
setting up service 
requirements and 
determining installation and maintenance 
methods. Mr. Paquette was largely re- 
sponsible for the application of sealed 
chambers to building terminals. In 1928 
he also took part in the development of 
improved types of drop wire and asso- 
ciated apparatus. Since 1934, when Mr. 
Paquette came to the Laboratories, he 
has been engaged in cable terminal stud- 
ies. For the past year he had been inti- 
mately connected with the outside plant 
problems involved in the Type-J and 
Type-K carrier telephone systems. 

Mr. Costelloe, who died on July 27, re- 
ceived the S.B. degree from the Massa- 
chusetts Institute of Technology in 1918. 
While in college he was president of the 
student branch of the American Institute 
of Electrical Engineers. He joined the 
equipment development section of the 
Department of Development and Re- 
search in 1919 and shortly thereafter 
spent several months at the Automatic 
Electric Company in connection with 
step-by-step equipment being manufac- 
tured for the Bell System. Since then his 
principal activity had been the design 
and development of central office equip- 
ment, particularly the design require- 
ments of the variety of tools and gauges 
necessary for the maintenance of manual, 
step-by-step and panel apparatus. 
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H. H. Sraesner and I. V. WiLiiams 
investigated special springs for retractile 
cords at the plant of the Wallace Barnes 
Company, Bristol, Connecticut. 

C. E. Netson and G. H. Downes vis- 
ited offices of the 
Southern New Eng- 
land Telephone 
Company in New 
Haven, for obser- 
vation on step-by- 
step equipment. 

FIELD TESTS on 
methods of protect- 
ing aerial cable 
took E. L. Fisher, 
W. C. Ball and F. 
H. Nelson to the 
offices of the Chesa- 
peake and Potomac 
Telephone Com- 
pany in Hagers- 
town, Maryland. 

J. F. Morrison 
supervised the in- 
stallation and ad- 
justment of coupling equipment for a 
shunt excited antenna at Station WMBI 
of the Moody Bible Institute, Chicago. 

In THE JuLy issue of the Fournal of the 
Acoustical Society of America, H. A. 


C. E. Boman 


of the Equipment Development Department 
completed thirty years of service in the Bell 
System on the fourth of August 


Frederick presents American Tentative 
Standard Acoustical Terminology. The 
standard terminology contained in the 
paper was developed by the Society’s 
Terminology Subcommittee, of which 
Mr. Frederick is 
chairman, and by 
the Society’s Music 
Subcommittee. 

R. V. Terry vis- 
ited the Shaw In- 
sulator Company, 
Irvington, New 
Jersey, to discuss 
the manufacture of 
an improved con- 
necting block, and 
the Haydon Manu- 
facturing Com- 
pany, Waterbury, 
Connecticut, in 
connection with the 
development of a 
switchboard _ posi- 
tion clock. 

J. P. Guerarp and W. J. Farmer con- 
tinued their tests on aerial cable sheath 
at Long Valley, New Jersey, during the 
month of July. I. V. Williams and W. 
Babington each spent one week at Long 


Epwarp Montcuyk 


of the Apparatus Development Department 
completed thirty-five years of service in the 
Bell System on the third of August 
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J. E. Devany 


of the Central Office Switching Development 
Department completed forty years of service 


in the Bell System on August 23 
[iii] 
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Valley assisting in this aerial cable work. 

G. R. Goun visited the Aluminum 
Company of America’s Plant at Edge- 
water, New Jersey, to discuss the manu- 
. facture of thin aluminum foil for electro- 
lytic condensers. 

A SPECIAL CABLE test being made near 
Atlantic City was observed by J. G. 
Brearley, J. A. Carr, C. H. Greenall, 
F. B. Livingston and E. E. Schumacher. 

J. R. Townsenp attended a conference 
devoted to Fatigue of Metals, held at the 
Massachusetts Institute of Technology. 

F. E. Nimmcke supervised the installa- 
tion of a one-kilowatt and a 500-watt 
radio transmitting equipment, respec- 
tively, for Station WSMB, New Orleans, 
and for the Baton Rouge Broadcasting 
Company at Station WJBO, Baton 
Rouge. He also visited the Augusta 
(Georgia) Broadcasting Company to 
make final adjustments of a shunt excited 
vertical radiator at Station WRDW. 

A. E. Ruexte and E. K. Jaycox at- 
tended the fifth conference on Spectro- 
scopy and Its Applications held at Massa- 
chusetts Institute of Technology. 

H. G. Artt and E. E. Wricut, to- 
gether with A. G. Russell of the Western 
Electric Company, visited the General 
Electric Company at Schenectady to dis- 
cuss anodized finishes on aluminum. 

AT THE ANNUAL meeting of the Ameri- 


can Society for Testing Materials held at 
the Waldorf-Astoria Hotel, C. C. Hip. 
kins presented a paper on Relation Be- 
tween Accelerated Tests and Service Life of 
Indoor Finishes as a part of the sym- 
posium on this subject conducted by 
Committee D1 on preservative coatings 
for structural materials. 

F. B. LLEWELLYN was one of the special 
lecturers at the Electronics Institute Lec- 
tures at the University of Michigan. 

AT VARIOUS TIMES during the month of 
July, L. W. Giles was at Hawthorne on 
matters relating to the manufacture of 
the new receiver for the handset. 

T. C. Fry was in Colorado Springs 
where he delivered two papers Probability 
and the Telephone Plant and The “Equally 
Likely” Concept in the Theory of Prob- 
ability at the meetings of the Cowles 
Commission for Research in Economics. 

Rapu Bown described to the Federal 
Communications Commission the new 
multiple-unit steerable-antenna system 
and the single-sideband system for short- 
wave transoceanic radio. 

AT THE request of the International 
Congress for Short Waves in Physics, 
Biology and Medicine, G. C. Southworth 
prepared a paper entitled New Experi- 
mental Methods Applicable to Ultra- 
Short Waves, which he sent to Vienna, 
Austria, for presentation. 


MEMBERS OF THE LABORATORIES WHO ComPLETED TWENTY YEARS OF 
SERVICE IN THE BELL SysteEM DurinG JULY AND AuGUST 


Apparatus Development Department 


Systems Development Department. 


H. D. July 2 July 2 
C.E. Cerveny.... ......... July 9 July 5 
C. E. August 15 Campbell.......... ..... .....August 27 
Miss F. M. McKeon.................. August9 =G_H. Duhnkrack............ .......July 5 
A. L. July 26 August 16 
August 27 Transmission Development Department 
July 16 

Research Department 

Patent Department Plant Department 

[iv] September 1937 


4 

4 

a 

: 

4 
4q 
q 
7: > e / 


STANDING WAVES: 


detected by measuring the 

voltage at several points 

along this concentric 
transmission line 


FATIGUE: 
present and experimental 
wire ties under vibration 


COMPRESSION: 


a study of its effect on 
cable sheath 


VIBRATION: 


its reactions on relay con- 
tacts shown by a rapid- 
record oscillograph 
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A. M. SKELLETT, at the Cook Observa- 
tory in Wynnewood, Pennsylvania, ad- 
justed instruments for the observation of 
the solar corona. 

O. W. Towner supervised the installa- 
tion of a 355E-1 (5-kilowatt) radio trans- 
mitting equipment at Station WDAF of 
the Kansas City Star. J. C. Herber super- 
vised the installation of the same type of 

equipment at Station WJAR for the Out- 
let Company, Providence. 

J. P. HorrMann made a trip to Wichita, 
Kansas, and Lamar, Colorado, to inspect 
the Type-J carrier telephone system. 

D. M. Bouman discussed the manu- 
facture of operators’ chairs with Western 
Electric engineers at Hawthorne. 

C. W. Van Duyne studied kerosene 
engine-generator sets at Port Chester and 
Rochester, New York. F. K. Rowe of the 
A. T. and T. Company accompanied him 
to Port Chester. 

A. E. Petrie and V. T. CALLAHAN vis- 
ited West Chester and Williamsport, 
Pennsylvania, as well as Buffalo, to dis- 
cuss gasoline engine-generator sets. 

J. H. So.e studied power apparatus 
and control equipment at Fort Wayne. 

G. A. Benson inspected the initial 
master-office toll switchboard, No. 3 type, 


which serves community dial offices out of 
Seaford, Delaware. 

FE. W. Hancock visited Boston to dis- 
cuss the operation of zone and overtime 
equipment. C. E. Germanton spent 
several days there on routine testing prob- 
lems of this equipment. 

C. B. Sut.irr left for Omaha, Ne- 
braska, and V. P. Thorp for Denver, 
Colorado, on July 14 in connection with 
the trial installation of level compensators 
for high frequency carrier telegraph sys- 
tems. H. F. Rhodes and P. E. Groome, of 
the Long Lines Department, were also in 
these cities codperating in the tests. 

E. F. Watson visited the Long Lines 
and Mountain States Telephone and 
Telegraph Company offices in Denver to 
discuss teletypewriter equipment includ- 
ing regenerative repeaters and central 
office testing apparatus. 

D. E. Branson was in Washington to 
observe the handling of telegraph service 
in the test room and to determine the 
effect on service due to eliminating some 
of the monitoring and testing features. 

C. Wuire was in Norfolk from June 28 
to July 9 training maintenance forces in 
connection with the recently installed 101 
teletypewriter line concentrator unit. 


MEMBERS OF THE LABORATORIES TO WuHoM Patents WERE IssuED DurRING 
THE MonrTus oF JUNE AND JULY 


L. G. Abraham J. O. Edson 

W. J. Adams, Jr. J. M. Eglin 

L. H. Allen J. R. Fisher 

C. N. Anderson G. T. Ford 

G. E. Atkins A. L. Fox 

A. E. Bachelet R. D. 
J. R. Bardsley E. L. Get 

H. M. Bascom W. M. Goodall 
B. G. Bjornson A. A. Hansen 
H. S. Black J. M. Hardesty 
R. B. Blackman J. B. Harley 

L. G. Bostwick F. V. Haskell 
H. A. Bredehoft C. N. Hickman 
A. J. Busch V. L. Holdaway 
R. S. Caruthers W. H. T. Holden 
C. C. Cash H. E. Ives 

O. Cesareo R. P. Jutson 

V. I. Cruser W. Koenig, Jr. 
T. L. Dimond F. C. Kuch 

S. Doba, Jr. H. T. Langabeer 


C. C. Lawson G. Sandalls, Jr. 
R. F. Mallina G. N. Saul 

W. A. Marrison H. H. Schneckloth 
J. O. McNally L. Schott 

Mrs. S. P. Mead O. A. Shann 

R. C. Miner R. C. Shaw 

D. Mitchell L. J. Stacy 

D. L. Moody H. M. Stoller 

C. R. Moore W. C. Sturzenegger 
H. Morrison L. K. Swart 

O. Myers D. M. Terry 

N. D. Newby G. N. Thayer 

R. C. Newhouse A. L. Thuras 

R. K. Potter W. C. Tinus 

O. E. Rasmussen D. E. Trucksess 
W. T. Rea E. F. Watson 

W. E. Reichle H. Whittle 

J. N. Reynolds I. G. Wilson 

V. L. Ronci (2) S. B. Wright 

A. L. Samuel (3) 
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ON THE ELEVENTH of August, W. G. 
Schaer completed twenty-five years of 
service in the Bell System. He began his 
telephone experience in 1912 in the Plant 
Department of the New York Telephone 
Company where he was engaged in main- 
tenance work. In 1917 he left to join the 
Signal Corps and spent two years in 
France on the staff of the Chief Signal 
Officer. His work was devoted chiefly to 


W.G. Schaer 


the installation and maintenance of 
switchboards and repeater equipment. 

Upon Mr. Schaer’s return, he joined 
the Engineering Department of the West- 
ern Electric Company at West Street. In 
the equipment development group of the 
Systems Development Department he 
became associated with the development 
of early panel equipment and later of the 
No. 11 switchboard and No. 14 local test 
desk. For the past few years Mr. Schaer 
has been engaged primarily in the de- 
velopment of routine testing equipment 
for the crossbar system. 

* * * * * 

R. B. Bucnanan, who on August 15 
received a five-star service emblem sym- 
bolizing his completion of twenty-five 
years of service in the Bell System, joined 
the Installation Department of the West- 
ern Electric Company in Boston in 1912. 
At the end of that year he transferred to 
the Plant Department of the New 
England Telephone and Telegraph Com- 
pany on subscriber station and private 
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R. B. Buchanan 


branch exchange maintenance work. In 
May, 1917, he enlisted in the gotst Tele- 
graph Battalion and after a few months 
of training went to France where he re- 
mained until the Spring of 1919 building 
telegraph and telephone lines. 

Mr. Buchanan then returned to the 
New England Company but soon trans- 
ferred to the Engineering Department of 
the Western Electric Company in New 
York. In the Systems Development De- 
partment he first engaged in the develop- 
ment of step-by-step machine-switching 
circuits; then spent several years analyz- 
ing specifications for new step-by-step 
offices and assigning the circuits to be 
used up to the time standard key sheets 
were issued; and later, in the manual cir- 
cuit group, he was concerned with circuit 
development work. In 1932 he transferred 
to the toll laboratory on toll-circuit test- 
ing. Since 1934, Mr. Buchanan has been 
in the toll analysis group of the Central 
Office Switching Development Depart- 
ment where he has been engaged in the 
analysis of specifications for toll offices. 
This work includes the making of recom- 
mendations for the circuits best suited to 
meet the customer’s requirements and 
the designing of the special circuits. 

* _* * * * 

THE PRESENTATION of a five-star serv- 
ice emblem to John Bachor on August 19 
marks his completion of a quarter century 
of service in the Western Electric Com- 
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pany and the Laboratories. “John,” as he 
is known throughout the building, entered 
the restaurant as an experienced waiter in 
1912, a few years after the restaurant had 
been opened on the tenth floor as a co- 
operative lunch club for women em- 
ployees. In 1914, the restaurant was en- 
larged and moved to the sixth floor, at 
which time the service was extended to 
include not only lunch facilities for all 
those who wish to avail themselves of it, 
but also breakfast and supper service. In 
addition, arrangements were soon made 
so that special lunches could be served in 
private offices and then, during the war 
period, a midnight lunch was made avail- 
able to those working on the night shift. 
In 1921, the restaurant was moved to its 
present location on the second floor. 

Soon after the 1914 expansion, John, 
along with his work in the kitchen, be- 
came responsible for most of the special 
luncheons served throughout the build- 
ing. Later he also served in the “Blue 
Room” where meals are ordered, the rest 
of the restaurant being on the cafeteria 
basis. For many years he has been re- 
sponsible for preparing and cooking the 
soups, gravies and roasts. 

* * * * * 

H. D. Bruun, who completed twenty- 
five years of service in the Western Elec- 
tric Company and the Laboratories on 
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July 8, graduated from Ohio Northern 
University in 1912 with the degree of 
Electrical Engineer. He joined the student 
course of the Western Electric Company 
at Hawthorne and, after shop training © 
and installation experience at Cleveland 
and Cincinnati, entered the equipment 
section of the Engineering Department 
where he engaged in the design and de- 
velopment of central office equipment, 
particularly the No. 9 and No. Io tele- 
phone switchboards. 

In March, 1919, Mr. Bruhn trans- 
ferred to New York where he became as- 
sociated with the development of machine 
switching equipment in the Systems De- 
velopment Department. Since 1922, in 
the local systems group of the Equip- 
ment Development Department, he has 
been concerned, both in an engineering 
and a supervisory capacity, with the de- 
velopment of new equipment for manual 
and dial private-branch exchanges, order 
receiving turrets and a variety of key- 
switching and intercommunicating sys- 
tems involving groups of stations. 


H. D. Bruhn 


M. T. Dow, in Florida, installed an 
antenna and recording equipment for ob- 
taining further data on static in the fre- 
quency range of the Type-J carrier sys- 
tem. He has since gone to Denver to dis- 
cuss a similar installation in New Mexico 
with engineers of the Mountain States 


Telephone and Telegraph Company. 
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A TEST SITE for measurements on co- 
axial cables was inspected at Princeton 
by R. P. Booth, J. A. Carr, J. J. Harley 
and L. L. Lockrow. 

SEVERAL MEMBERS of the Laboratories 
have been at Toledo, South Bend and 
intermediate points to inspect or test the 
performance of the initial Type-K carrier 
telephone system. These engineers were 
F. W. Amberg, M. M. Bower, F. A. 
Brooks, R. K. Bullington, C. E. Clutts, 
H. C. Franke, C. A. Grierson, L. B. 
Hochgraf, H. G. Jordan, O. H. Loynes, 
R. G. McCurdy, V. M. Meserve, D. C. 
Neyer, R. L. Tambling, E. C. Thompson, 
M. A. Weaver and A. J. Wier. 


M. Morrissey 


F. M. Morrissey, of the Plant Depart- 
ment, died on August 11. He entered the 
Laboratories in February, 1935, being first 
a night cleaner, then a night watchman 
and since last March a porter and freight 
elevator operator. He was also a relief 
chauffeur on the Graybar-Varick route. 

* * * * * 


H. B. Noyes, who has been conducting 
tests on toll-entrance cables at Daytona 
Beach, Stuart and West Palm Beach, 
Florida, in connection with the proposed 
Type-J carrier system, has gone to Dallas 
to carry on similar tests in Texas. 

W. W. ScHorMann spent two days in 
Washington conferring with H. F. En- 
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lows, Director, First Aid and Life Saving, 
American Red Cross. 

W. C. F. Farne on a trip to Mont. 
real, conferred with members of the Bell 
Telephone Company of Canada on the re- 
arrangement of their historical museum to 
include several operating exhibits. Later, 
he spent a day in Boston discussing the 
authenticity of some recently acquired 
telephone relics. 

FE. W. Apams was in Chicago recently 
in connection with certain patent litiga- 
tion; and H. P. Franz was in Washington 
on patent service matters. 

Durinc Juty the Laboratories were rep- 
resented in interference proceedings in 
Washington by W. C. Kiesel and P. C, 
Smith before the Examiner of Interfer- 
ences; by R. J. Guenther and G. T, 
Morris before the Primary Examiner; and 
by J. W. Schmied and W. F. Simpson 
before the Board of Appeals. 

NEW NAVAL communication develop- 
ments were studied by T. E. Shea, W. A. 
MacNair, R. A. Miller and V. M. Cousins 
at New London. Mr. Shea and Mr. 
MacNair also made a trip to the Navy 
Yard in Philadelphia. 

H. C. Cur spent some time in Wash- 
ington discussing various developments 
with various branches of the government. 

O. E. Rasmussen was at the Patent 
Office in Washington relative to various 
patent matters. 

G. C. Lorp was in Camden in connec- 
tion with the taking of testimony in inter- 
ference proceedings. 

H. H. Gienn and C. A. WEBBER, at 
Point Breeze, discussed the production of 
retractile telephone cords. Mr. Webber 
also visited the Hope Webbing Company 
at Pawtucket, Rhode Island, in connec- 
tion with the need for special webbing. 

C. B. McKennlie visited Dallas, Kan- 
sas City and Chicago to interview com- 
munication engineers of various air lines 
in connection with Western Electric 
6004A radio compass antenna equipment. 

H. T. BupenBom and W. A. MacNair 
visited the Naval Aircraft Factory at 
Philadelphia in connection with some pro- 
posed new developments. 
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New Tubes for Carrier Systems 


By J. O. McNALLY 
Vacuum Tube Development 


IDER frequency ranges 

and the use of repeaters 

and terminal amplifiers 
stabilized by feedback are being 
planned for new carrier systems. These 
features have placed special and ex- 
acting requirements on the vacuum 
tubes used, with the result that it has 
been necessary to develon four new 
types, which differ from the familiar 
repeater tubes now used throughout 
the telephone system in that they all 
contain indirectly heated or equipo- 
tential cathodes and are of the pen- 
tode rather than the triode type. Two 
of the tubes have been designed as 
high-gain voltage amplifiers. They are 
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identical in electrical characteristics 
except for the operating heater volt- 
ages and currents. The other two 
tubes are of the power output type 
and are also identical electrically, ex- 
cept for heater voltages and currents. 

The use of equipotential cathodes 
overcomes some circuit difficulties be- 
cause it is no longer necessary to main- 
tain the cathodes at the potential of 
the filament or cathode supply bat- 
tery. The more compact structure of 
the equipotential cathode tube is also 
an advantage where the physical size 
of the tube has to be maintained at a 
minimum, which is desirable in the 
carrier services. The rigid cathode also 
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Fig. 1—The 310A ‘amplifier tube complete 
and also dissected by folding back the outer 
screen and plate to expose inner elements 


permits the use of smaller spacings be- 
tween the cathode surface and the 
innermost grid. This inherently means 
that the equipotential cathode struc- 
ture may be made to have a high 
mutual conductance and therefore a 
high gain. The equipotential cathode 
has the additional advantage that 
electrostatic shielding may be simpli- 
fied and the inter-electrode capacities 
made smaller than in the filamentary 
type. Although this type of cathode is 
generally heated by alternating cur- 
rent, direct current will be used for 
the majority of applications in the 
telephone plant. 

The elements in the two high-gain 
voltage-amplifying tubes, coded 310A 
and 328a, are normally obscured from 
view by the outer screen, which pro- 
vides electrostatic shielding of the 
plate from the control grid. In Figure 
1, however, they are shown by cutting 
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part of the outer screen and the plate 
away. Next to the cathode is the con- 
trol grid, on which the signal is ap- 
plied. This grid normally operates at a 
potential of three volts negative with 
respect to the cathode. The next grid 
outside of the control grid is the 
screen, which is operated with a fixed 
positive voltage of approximately 135 
volts to accelerate the electrons to- 
ward it from the cathode. Only about 
twenty per cent of the electrons, how- 
ever, are intercepted by this screen 
grid and the remainder pass through 
to the plate. 

The screen of the tube also provides 
electrostatic shielding between the 
control grid and the plate. This is ac- 
complished by tying the screen grid 
to the cathode through a condenser, 
thereby effectively grounding this grid 
at voice and carrier frequencies. Ad- 
ditional shielding of the control grid is 
provided by the upper and lower 
shields and the cylindrical shield ex- 
ternal to the plate. Between the screen 
and the plate is the suppressor grid 
which is held at approximately the 
potential of the cathode. The purpose 
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Fig. 2—Static characteristics of the 3104 
and 328A repeater tubes 
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of this grid is to prevent secondary 
electrons, knocked out of the plate 
by the impact of the arriving elec- 
trons, from being carried to the screen 
when the plate is at a lower potential 
than the screen. 

When the above voltages are ap- 
plied on the grids of the 310a and 328A 
tubes, and when the plate voltage is 
135 volts, the plate current is about 5.5 
milliamperes. Under these conditions 
the mutual conductance is approxi- 
mately 1800 micromhos. A resistance 
load of 100,000 ohms gives a ratio of 
output voltage across the load to signal 
voltage on the grid of ‘about 159 or a 
voltage gain of 44 db. It is of interest 
to compare this value with that for the 
102F type at present used as a voltage 
amplifier tube in voice frequency re- 
peaters. A load resistance of 100,000 
ohms for the 102F tube gives a voltage 
step-up of 19.5 fold and increasing the 
resistance load to several hundred 
thousand ohms gives a maximum pos- 
sible step-up of only 30 times. With a 
single-frequency power output twice 
that of the 102F the harmonics of all 
three tubes constitute approximately 
the same percentage of the output. 
The inputs necessary to give these 
outputs are about three and one-half 
times as great in the 102F as in the 
other two tubes. Static characteristic 
curves for the 310A and 328A are given 
in Figure 2. 

The power tubes, coded 3114 and 
329A, when working with a control 
grid bias of —15 volts and a plate and 
screen voltage of 135 volts give an 
average plate current of approxi- 
mately thirty milliamperes. Charac- 
teristic curves for these tubes are 
shown in Figure 4. The mutual con- 
ductance is approximately 2800 mi- 
cromhos and the power output ob- 
tained with a resistance load of 4000 
ohms and an input of fifteen peak 
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volts is approximately 1.8 watts. This 
is approximately nine times the out- 
put of the 104p type which is the 
power tube used in existing carrier 
systems. The third harmonic is about 
thirty-five db greater in the new 


Fig. 3—The 3114 power tube 


tubes but this is permissible since the 
new carrier systems use feedback and 
the third harmonic is thereby reduced 
to an acceptable value. 

The normal heater voltage for the 
310A tube is ten volts and the average 
heater current is 0.32 amperes. The 
328 tube has a 7.5 volt heater which 
takes 0.425 ampere. In the 3114 tube 
the heater requires ten volts at 0.64 
amperes and in the 329A tube, 7.5 
volts at 0.85 amperes. This particular 
arrangement of heater voltages and 
currents was decided upon so that two 
310A heaters, connected in parallel, 
could be operated in series with the 
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heater of one 311A tube. The group, 
which requires twenty volts, can then 
be operated economically in “regu- 
lated” offices where the battery volt- 
age is maintained close to twenty-four 
volts. The heater voltages of the 3284 
and 329A tubes were selected as the 
most economical for operation in “un- 
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Fig. 4—Static characteristics of the 3114 
and 329A repeater tubes 


regulated” offices where the battery 
voltage may vary from twenty to 
twenty-eight volts and where it is 
necessary to use ballast lamps in series 
with the heaters to maintain currents 
within sufficiently narrow limits. 

All of these tubes have been de- 
signed to meet the severe demands of 
telephone service. Since insulation 
leaks between the control grid and 
any of the other elements could cause 
trouble the mica insulators at the top 
and bottom of the structure contain 
slots between the mounting holes for 
the control grid and other elements, 
to make the insulation paths longer 
across the surface of the mica. In ad- 
dition the insulators are sprayed with 


a ceramic material to further improve 
the insulation, and the small metal 
plates used for electrostatic shielding 
are formed to act as baffles to prevent 
material sprayed from the surface of 
the cathode from being deposited on 
the insulators and causing leaks. 

Inter-electrode capacities are us- 
ually not considered of great import- 
ance in a tube of the general type of 
the 311A and 329A. However, for car- 
rier uses it has been necessary to re- 
duce the capacities, particularly that 
between control grid and plate, to a 
minimum. In these tubes the average 
value is 0.07 micromicrofarads in- 
stead of approximately 1.0 as it is 
in the more usual tube of this size. It 
has been necessary moreover to reduce 
the variations in this capacity from 
tube to tube. During the development 
of the tubes too wide a variation was 
traced to a peculiar and curious 
“island” effect caused by acapacitance- 
resistance network across the mica 
insulators between control grid and 
plate. The effect was eliminated by re- 
moving the plate supports entirely 
from the mica insulators. 

It is necessary to have the longest 
possible life for tubes in this type of 
service. With this in view a series of 
experiments has been undertaken to 
try various types of active material on 
the cathode and different means of 
processing the parts and pumping. 
Already there are indications that the 
adoption of some of these methods 
may greatly increase the useful life of 
the tubes. 

These new tubes not only fulfill the 
more exacting requirements imposed 
by new carrier systems but they are 
more effective than those now in use 
and give promise of reducing ap- 
preciably the cost of maintenance. 


t 


Quartz Plates for Frequency Sub-Standards 


By S. C. HIGHT 
Radio Research Department 


HE need for a rugged portable 
sub-standard of frequency has 
led to the development of a 
new type of quartz plate with low 
temperature-coefficient, and a stabil- 
ized circuit in which the crystal has 
complete control of the frequency. 
This makes the sub-standard inde- 
pendent of variations in the supplied 
voltage and of circuit reactances. 
The essential element of the fre- 
quency standard is a quartz plate 
which, because of its piezo-electric 
properties, vibrates when an _alter- 
nating current is applied across its 
face. Although of electric origin this 
vibration is mechanical and the fun- 
damental frequency like that of all 
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vibrating plates depends on the size, 
and the density and elasticity of the 
material of which the plate is made. 
The elasticity and hence the fre- 
quency of vibration changes with the 
temperature and, in the case of quartz, 
also with the direction in which the 
crystal is cut relative to the natural 
axes of the crystal. 

It has been found that quartz plates 
of low temperature-coefficient can be 
made by cutting the crystal in certain 
directions with reference to the crystal 
axes.* These cuts are related to the 
electric axis (x), the mechanical axis 
(y) and the optic axis (z) as illustrated 
in Figure I. 

*Recorp, Vol. 14, April, 1936, p. 250. 
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The manner in which these plates 
vibrate is illustrated in Figure 2. If a 
static electric field is applied between 
the upper and lower faces two shear 
stresses result which tend to deform 
the crystal. One distorts the crystal 
as illustrated in Figure 2b and the 
other as in Figure 2c. If the applied 
field alternates, these deformations 
vary periodically and, if the frequency 
of the field corresponds to the natural 
period of either mode, the plate vi- 
brates. The frequency of each of these 
modes depends on the dimensions of 
the crystal. That of the mode illus- 
trated in Figure 2b is inversely pro- 
portional to the thickness of the 
crystal while that shown in Figure 2c 
depends on the length and width of 
the crystal and has the lower fre- 
quency of the two. Vibrations of these 
two types occur in both of the plates 
illustrated in Figure 1. 

The possibility of making plates 
with low temperature-coefficients to 
operate at frequencies below the 
broadcast band has recently been in- 
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Fig. 1—Orientations of the zero tempera- 
ture-coefficient plates 
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vestigated by the Laboratories. The 
results disclosed two new types of 
quartz crystal elements which operate 
at frequencies below five hundred 
kilocycles. They are cut parallel to the 
electric axis as shown in Figure 1 and 
employ the mode of vibration illus- 
trated in Figure 2c. Their frequency 
depends on the dimensions of the large 
face of the plates. 

The new plates which are desig- 
nated by the letters cr and pr have 
many unique advantages over their 
predecessors. The frequency may be 
lowered as well as raised by a simple 
abrasion. Also, the temperature-co- 
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Fig. 2—Vibrations of these types are ob- 
tained by applying an alternating electric 
field across the faces of quartz plates 


efficient may be changed in either a 
positive or negative direction by 
abrading the faces so as effectively to 
alter the orientation a slight amount. 
These two adjustments produce a 
plate precisely adjusted to frequency 
and temperature-coefficient, thus 
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Fig. 3—The wide range of temperature-coefficient and fre- 

guency-constant obtainable in C and D cut plates results from 

variations of rigidity. Orientations which give zero coefficient 

are marked CT and DT and occur near the maximum and 
minimum frequency of oscillation 


eliminating at once the errors of shop- 
production tolerances, and the penal- 
ties of over-adjustment which are in- 
herent in the usual one-way adjust- 
ment of frequency. 

The mode of vibration is simple and 
the amplitude is so large that the mo- 
tion can be studied in a microscope. 
The geometrical center of the large 
square area is a node while the corners 
move along the diagonals. This de- 
forms the periphery into a rhombus as 
shown in Figure 2c. Neither the fre- 
quency, temperature-coefficient nor 


vibrational pattern is 


the density, and the 
linear dimensions are 
so balanced that the 
frequency remains con- 
stant. It is interesting 
to note that at the 
orientations which give 
zero temperature coefficient, the crys- 
talline planes in which the vibrations 
take place are nearly the same as 
those used in the better known high- 
frequency aT and Br plates. 

A more detailed analysis of the re- 
lations between temperature, orienta- 
tion, and frequency is shown in 
Figure 4. The zero coefficient occurs 
only at a certain temperature which is 
dependent on the orientation of the 
plate. For operation at room tem- 
perature the angle of cutting for the 
ct plate should be +37 degrees 30 


affected by couplings 
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to neighboring fre- 
quencies or harmonics 


of lower frequencies, 


since they do not exist. 
Plates cut out of a 
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about the axis will vi- 
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brate in the low fre- 
quency mode illus- 
trated in Figure 2c but 
the frequency and tem- 
perature coefficient will 
depend upon the angle. 
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Fig. 4—Temperature-frequency curves of several 100-kilocycle 

plates oriented at angles from +37 to +40 degrees in respect 

to the Z axis. The actual zero coefficient of these crystal 
plates occurs only at the peaks of the curves 
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minutes with the z axis. This will al- 
low the temperature to vary from 20 
degrees to 30 degrees Centigrade, and 
still keep the frequency within one 
part in a million of the desired value. 
A similar set of relations exists for DT 
plates which exhibit even less varia- 
tion of frequency than those shown. 


cuit used in conjunction with the new 
crystals for this sub-standard must 
also be precise and simple. Such a cir- 
cuit which takes full advantage of the 
characteristics of the cr plate, is 
shown in Figure 5. 

In general, the major frequency in- 
stabilities of oscillator circuits are as- 
sociated with react- 
ance, temperature, and 
i changes. Varia- 


tions in temperature or 
applied voltage may be 
considered as equiva- 
lent reactance changes, 
since it is through re- 
actance changes that 
they affect the fre- 


Fig. s—The frequency of this stabilized oscillator 1s not af- 

fected by variations of the reactances or applied voltage. The 

output contains useful multiples of one hundred kilocycles 
at frequencies as high as thirty megacycles 


An important factor in the practical 
application of these plates is the 
method of mounting them. The ordi- 
nary crystal holders have been found 
unsuited for sub-standards of fre- 
quency. The one used supports the 
crystal without clamping by resting 
it on a slightly convex electrode where 
it is kept from moving about by a re- 
tainer fitted very closely to the crystal 
around the edges. The upper electrode 
is spaced from the crystal by a small 
air gap. 

One of the principal uses in prospect 
for the new low temperature-coeffi- 
cient plates is that of frequency sub- 
standards for measuring purposes. 
Such sub-standards must be better 
than the frequency control elements 
in radio transmitters, but do not need 
to be so elaborate, accurate, nor deli- 
cate as the standards used for the 


most precise scientific work. The cir- 


24 


quency. Temperature 
4+ changes cause react- 
ance changes by acting 
directly on the coils 
and condensers ex- 
ternal to the vacuum 
tube, while variations 
in the applied voltage have the effect 
of changing the amplification factor 
and internal impedances of the tube. 
Hence, if a circuit can be so adjusted 
that the frequency is independent of 
small changes in the reactances it is 
also independent of small tempera- 
ture and voltage variations. Such an 
adjustment has been found attain- 
able, and this makes it possible to 
stabilize the relatively simple circuit 
of Figure 5. Its novelty lies in the 
values chosen for the reactances, and 
the manner in which adjustment for 
stability is made by successive ap- 
proximations. 

This stability is brought about by 
operating at the peaks of the curves 
1 and 2 shown in Figure 6. Under this 
condition, small changes in either the 
feedback capacity, Curve 1, or the 
plate reactance, Curve 2, cause no 
change in frequency; and the fre- 
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quency is also independent of varia- 
tions in the applied voltage, Curve 3. 
A practical advantage of this stabi- 
lized circuit over previous and more 
complex ones lies in its simplicity of 
adjustment, which is complete when 
the two condensers c, and c; are set 
to produce their maximum frequency. 

Both the cr crystal and the stabi- 


lized circuit have already found sev- 
eral applications in radio frequency 
control and frequency sub-standardi- 
zation. The results of this development 
of crystal and circuit provide an ex- 
cellent example of the fruitful results 
of simultaneous research into the 
piezo-elastic properties of quartz and 
the associated electrical networks. 
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Fig. 6—These overall stability curves of the crystal and circuit 

show how the frequency is maintained within one part in a 

million of its mean value with normal variations in react- 
ances, voltage, and temperature 
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Vibration Studies With the Rapid 
Oscillograph 


By H. E. HILL 


Research Department 


ELAYS and bells play an im- 
portant part in telephone 
equipment and with increasing 

service requirements the demands on 
these devices have become very severe. 
The technique of measuring their elec- 
trical characteristics has progressed 
with the communication art but little 
advance has been made, heretofore, in 
determining the dynamic behavior of 
the mechanical structures involved. 
A method of measuring the motion of 
such parts directly and of correlating 
the magnitude, velocity and phase of 
that motion with the current in the 
electrical circuit has recently been de- 
veloped by H. N. Wager of the Lab- 
oratories. Improvements particularly 
in the magnification attainable have 
been made in the equipment used in 
making these studies and the results 
are described in the present article. 
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The method involves projecting the 
shadow image of an edge of the mov- 
ing part onto the recording paper of a 
high speed oscillograph, and making a 
graphic record of the deflection of 
that part as a function of time. If the 
device is electro-mechanical, part of 
the recording paper may also be used 
to make an oscillographic record of 
the current which caused the motion, 
or that which was caused by the mo- 
tion, or both. In this manner, the 
amplitude, frequency, and waveshape 
of the motion may be obtained as well 
as the phase relationship across the 
magneto-mechanical coupling. 

The equipment necessary to make 
such composite shadow-oscillograms 
consists essentially of a brilliant light 
source, a condensing lens, a projection 
lens, and a high-speed oscillograph. 
This equipment has been used to ex- 
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amine such things as the motion of the 
armature and contacts of the polarized 
telegraph relay, that of the clapper 
and gongs of a telephone ringer, that 
of certain cams in the teletypewriter 
and a plunger in the spring pileup of a 
“U” type relay. The ratio of the 
amplitude of the shadow movement 
as recorded on the paper tape to the 
‘amplitude of motion of the moving 
part has ranged in value from two or 
three in studying the cam movement 
of the teletypewriter to about 100 
when investigating the contact action 
of the polarized telegraph relay. The 
term “magnification” is used in this 
connection to denote this ratio. 


A few composite shadow-oscillo- 
grams are illustrated in Figures 1 and 
2. Those in Figure 3 show graphically 
at relatively high magnification the 
operation of the telegraph relay on 
two different currents and at two fre- 
quencies. The shadowgrams indicate 
the movement of the armature be- 
tween the pole-pieces, and also that 
of one of the armature contacts. The 
motions recorded are those at point a, 
Figure 3, on the armature and at 4 
on the contact spring respectively. 
Point 4 lies on the center line between 
the contacts, hence the motion of the 
contact spring at 4 is the same as the 
motion of the armature contact. The 
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Fig. 1—These shadowgrams were made with the earlier apparatus designed by H. N. 

Wager. A—measurements of the natural frequency of a spring; B—contact chatter 

caused by shocks applied to the frame supporting the contacts; C—the correlation 

between mechanical rebound of a relay armature and the reopening of contacts under its 

control; and D—the combined action of armature rebound and spring vibration in 
causing contact chatter 
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Fig. 2—Shadow oscillograms of a telegraph relay showing the motion of moving parts 
and the operation of the contact. A—Armature motion between the pole-pieces (above) 
with operating current of four milliamperes at 20 cycles (below); B—Armature motion 
between pole-pieces with operating current of one milliampere at 60 cycles; and C— 
Motion of armature contacts with operating current of one milliampere at 60 cycles 


oscillogram records the time when an 
electrical connection is made between 
the armature and the stationary con- 
tacts as the armature and the arma- 
ture contacts move in the manner in- 
dicated by their respective shadows. 
The oscillograms also provide a time 
scale on which the distance between 
two adjacent vertical lines represents 
one millisecond. 

A few composite shadow-oscillo- 
grams in which a low as well as a high 
magnification was used are shown in 
Figure 4. These shadow-oscillograms 
indicate graphically the operation of a 
telephone ringer. The movement of 
the clapper is illustrated by record a 
in which the height of the dark area 
represents the space between the 
clapper and the gong. This same 
movement is shown at B at very much 
greater magnification.¥In this case, 
the vibration of the edge of the gong 
appears very distinctly. The edge 
vibration at a point on the periphery 
go degrees from the place where the 
gong is struck by the clapper is shown 
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at c. The oscillograms also record the 
current which operates the ringer. 
The arrangement of the equipment 
for making these graphic records of 
motion and of current on the same 
recording medium so that the time 
abscissa is common to both is illus- 
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Fig. 3—Diagram showing the contacts and 

pole-pieces of a telegraph relay. The parts 

illuminated for shadowgraph records are 
indicated by the dotted circles 
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Fig. 4—Shadow oscillogram of a telephone ringer showing the motion of the clapper 

(above), one of the gongs (center), and the operating current (below). A—motion magni- 

fied 5.5 times; B—Same magnified 67 times; and C—Motion of the edge of the gong 
go degrees from the point struck by the clapper, magnified 67 times 


trated in Figure 6. For low magnifica- 
tions a filament lamp may be used as 
a source of illumination, and the best 
results seem to be obtained by imag- 
ing the light in the projection lens. 
With high magnifications an arc lamp 
is required and a water cell has to be 
interposed in the light path to remove 
excessive heat. If the object has a 
definite edge whose movement cor- 
responds to that of the object, it is 
advantageous to focus the light source 
on this edge. An image of the edge is 
formed on that portion of the record- 
ing paper which is shielded from the 


90 
DEGREES 


Fig. s—Diagram of the gongs and clapper 

of a ringer showing, as a dotted circle, the 

region illuminated to obtain a shadow 
record of the motion of these parts 
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oscillograph illumination. A piece of 
paper pasted over a portion of the 
hole from which the light emerges in 
passing through the front pole-piece 
shields a portion of the recording 
paper from the oscillograph illumina- 
tion and thus provides part of the 
paper for the oscillograph record of 
the shadow movement. 

The shadowgraph image and that 
of the oscillograph must fall in the 
same horizontal line on the record 
paper. If there is a slight displacement 
between these two images, events 
that occur simultaneously in the me- 
chanical structure and in the electrical 
circuit will appear to have occurred at 
different times. 

Some devices can not be made to 
function correctly if they are orien- 
tated so that the edge of the shadow 
of the part whose motion is to be 
studied is parallel to the direction in 
which the recording paper moves. 
This difficulty can be overcome by 
placing a right-angle prism with the 
hypotenuse and end bases parallel tu 
the optic axis in the light path be- 
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tween the projection lens and the 
recording paper. Rotating this prism 
around the optic axis rotates the pro- 
jected image. In this manner, the 
shadow of a part inclined at any angle 
may be made parallel to the shadows 
cast by the galvanometer strings. 
For convenience the equipment is 
mounted on an optical bench as 
shown in the photograph. From left 
to right are the arc lamp, condensing 
lens, iris diaphragm, water cell, tele- 
graph relay, projection lens mounted 
in a microscope tube, and right-angle 
prism mounted on its holder. This ar- 
rangement of the equipment makes it 
adaptable for making measurements 
on different pieces of apparatus and at 
different magnifications. The magni- 
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fication may be changed by moving 
the oscillograph away from the pro- 
jection lens as well as by using pro. 
jection lenses of different focal lengths, 

This method of measuring the mo- 
tion of small moving parts has the 
advantage over some others that a 
graphic record of the motion of the 
part in question is obtained directly, 
on the same recording medium as the 
oscillographic record of the current 
with which the motion is magneto- 
mechanically coupled. The abscissa of 
time is also common to both records 
and nothing is attached to the moving 
part to affect its motion. The pro- 
cedure that is involved is simple, flexi- 
ble, and adaptable to a great variety 
of types of apparatus. 
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Fig. 6—Shadow-oscillograms are made by condensing light from a brilliant source onto 
the moving part being studied and projecting the image onto the record tape 
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